Abstract. The Salmonella detection ability of 2 surfactant-supplemental media, xylose-lysine-tergitol (Niaproof) 4 (XLT4) and Miller-Mallinson (MM) agar, was compared against that of several commonly used plating media. XLT4 and MM appeared to be the most efficient in detecting Salmonella in meat products and food animal environments. MM was superior to XLT4 in detecting those increasingly more prevalent strains of Salmonella possessing weak to ultraweak H 2 S production characteristics.
The accurate, efficient detection of Salmonella in red and white meat products and in the food animal environment is of paramount concern to veterinary microbiologists. The avoidance of false-positive plating reactions significantly reduces the time and effort needed to establish a diagnosis. Further, the avoidance of false-negative test results can be of critical importance to epidemiologists whose analyses are compromised when positive samples are misclassified as negative. As a consequence, the choice of plating media used for Salmonella detection has broad implications.
Many commonly used Salmonella selective plating media are formulated to detect Salmonella species on the basis of H 2 S production. Such media include bismuth-sulfite (BS), Hektoen enteric (HE) and xylose-lysine-desoxycholate (XLD) agar. 2 New surfactant-supplemented media have recently been introduced that also signal the presence of H 2 S production. These include xylose-lysine-tergitol 4 (XLT4) a and Miller-Mallinson (MM) agars. Both XLT4 and MM are uniquely formulated with the surfactant tergitol (Niaproof)4 b to enhance the specificity and sensitivity of Salmonella detection and the reduction of competing Enterobacteriaceae other than Salmonella.
MM agar (Table 1) is particularly useful in detecting Salmonella species with weak H 2 S production characteristics that may be missed when using XLT4 or the other selective agars. Such Salmonella species have been reported to rep- This brief communication provides information describing 1) sensitivity and specificity advantages for XLT4 over 3 commonly used agars recommended by the Association of Official Analytical Chemists/Food and Drug Administration and Bacteriological Analytical Manual (BS, HE, and XLD); 2) similar advantages for the MM formulation; and 3) the special advantages of the MM formulation in identifying Salmonella that are weak or ultraweak in the production of H 2 S.
XLT4 plates detected more Salmonella-positive samples of porcine, bovine, and poultry origin than did BS, HE, or XLD plates (Table 3 ). With a variety of red and white meat samples, significantly fewer false-negative and false-positive plates were found using XLT4 versus BS, HE, and XLD plates. 2 Plating efficiency comparisons for 196 true Salmonella-positive litter/manure surface drag swabs revealed markedly increased recovery rates and plate purity scores for XLT4 over HE and XLD and other commonly used plat- ‡ Purity scores were based on subjective observations: 4.0 ϭ high plate purity (low competitor problems and ease of recovering Salmonella); 1.0 ϭ very low plate purity. Tables 2 and 5 . Plating results with MM or XLT4 provide good presumptive morphologic evidence for the presence of Salmonella. The color of Salmonella colonies on these plates largely depends on the amount of H 2 S production by each colony and the plate used ( Figs. 1-3) . Strong H 2 S producers develop brilliant jet-black colonies with or without a creamy or tannish margin after 18-24 hours of incubation at 35 C on either MM or XLT4 (Fig. 1) . Weak H 2 S producers develop black colonies within 24 hours at 35 C on MM. However, the development of black colonies by weak H 2 S producers may be delayed or absent on XLT4 (Fig. 2) . In several instances, only light tan to grayish brown colonies were produced by weak H 2 S producers on XLT4. Triple sugar iron (TSI) agar slants of the strong to weak H 2 S producers exhibit appropriate degrees of black color change along the stab line. Salmonella colonies on MM and XLT4 plates typically are large and circular, with convex to umbonate/nippled elevations and entire margins. Salmonella pullorum colonies tend to be smaller in size than those of paratyphoid Salmonella. Most, but not necessarily all, produce black (H 2 S positive) colonies in 24-48 hours.
Salmonella colonies that are ultraweak producers of H 2 S are of particular interest. These colonies, although negative for H 2 S production with XLT4 or TSI agar (Table 5) , can be presumptively identified as Salmonella on MM. The presumptive identification is based on the presence of a silver metallic sheen (SMS) under oblique light at the partially flattened center of white suspect colonies (Fig. 3 ). With some ultraweak H 2 S isolates, colony centers with the SMS reaction are visible only for the most isolated colonies in uncrowded regions of the MM plate. Some colonies exhibiting SMS may also have a grayish cast at the center of the colony when viewed from the underside of the MM plate. An absolutely H 2 S-negative isolate, such as S. choleraesuis, produces colonies with no SMS. Colonies of such isolates may be suspect as being Salmonella only on the basis of their good growth on this selective plating medium. Almost all S. choleraesuis isolates in North America are S. choleraesuis var. kunzendorf, which produces H 2 S-positive black colonies on MM agar (Table 2; Fig. 2 ).
The SMS phenomenon seen with MM appears to represent the identification of ultraweak H 2 S production. Results with gelatin-cysteine-thiosulphate-ferric-ammonium-citrate (GCF) medium, 3 which improves the detection of ultraweak H 2 S production, add support to this conclusion ( Table 5 ). Other selective agars and TSI slants may not detect ultraweak H 2 S production, possibly because their ratio of sugars and protein may not be as optimal for H 2 S production as those used in MM (Table 1) .
Currently, the detection of Salmonella with weak to negative H 2 S production characteristics generally requires use of a second selective agar, such as brilliant green (BG), in the total plate detection system. 4 BG presumptively identifies Salmonella on the basis of negative lactose fermentation rather than on the basis of H 2 S production. BG agar does, however, have some specificity problems that often are due to the common presence of lactose-negative nonsalmonellae. 4 The ability of MM to signal the presence of ultraweak H 2 S-producing Salmonella (SMS phenomenon) may further and Providencia colonies appearing late on MM are black, small, and friable. The margins of these colonies frequently are irregular rather than smooth.
Colonies of Citrobacter freundii that resemble H 2 S-positive Salmonella may occasionally be found on either XLT4 or MM plates. These Citrobacter colonies often produce colonies with a tenacious consistency in contrast to Salmonella colonies, which pick easily. The black portion of many Citrobacter colonies on XLT4 agar may develop a half-moon configuration.
Salmonella arizonae on MM may appear as typically black H 2 S-positive Salmonella or as blue-green colonies with a black center. Whitish, creamy, or tan colonies, often small or late developing, may be Morganella or other nonsalmonellae members of the family Enterobacteriaceae. Shigella flexneri, ordinarily originating from apes and monkeys, also produces small whitish colonies on MM plates. Late-appearing pseudomonads produce roughened tan-to-brown colonies.
XLT4 and MM plates appear to offer significant improvements in the detection of Salmonella. These improvements were confirmed when isolating Salmonella from raw red and white meat samples (Table 3 ) and poultry litter/manure samples (Table 4 ). They also may apply to other raw foods and to fecal-contaminated environmental samples from cattle, swine, and other livestock. Advantages of XLT4 for equine (S. Jang, personal communication) and human 1 specimens have been reported. Based on our findings, XLT4 and MM plates may be more universally useful and advantageous than previously described media.
MM detected the more frequently observed weak to ultraweak H 2 S-producing Salmonella, including strains of S. dublin, S. choleraesuis var. kunzendorf, and S. enteriditis.
Such increased sensitivity should be advantageous in programs seeking to understand and better control these and other Salmonella species in food animal production.
